In vitro effects of organophosphorus anticholinesterases on muscarinic receptor-mediated inhibition of acetylcholine release in rat striatum.
The aim of the present study was to evaluate the in vitro modulation of muscarinic autoreceptor function by the organophosphorus (OP) anticholinesterases chlorpyrifos oxon, paraoxon, and methyl paraoxon. Acetylcholine (ACh) release was studied by preloading slices from rat striatum with [3H]choline and depolarizing with potassium (20 mM) in perfusion buffer containing hemicholinium-3 (to prevent reuptake of radiolabeled choline). Under these conditions, chlorpyrifos oxon, paraoxon, and methyl paraoxon (0.1-10 microM) all reduced ACh release in a concentration-dependent manner. Addition of the carbamate acetylcholinesterase (AChE) inhibitor physostigmine (20 microM) to the perfusion buffer also decreased ACh release. When physostigmine was present, the three oxons had no additional effect on ACh release. Concentration-dependent inhibition of AChE activity in striatal slices perfused with chlorpyrifos oxon (0.1, 1, and 10 microM) suggested AChE inhibition was responsible for oxon-mediated alterations in ACh release. To differentiate between direct and indirect actions of the OP toxicants on muscarinic autoreceptors, we compared the effects of the oxons on ACh release under two conditions, i.e., tissues were perfused with buffer containing only hemicholinium-3 or with buffer containing hemicholinium-3, physostigmine, and the nonselective muscarinic receptor blocker atropine (100 nM). In the presence of only hemicholinium-3, concentration-dependent inhibition of ACh release was again noted for all oxons, similar to the effects of the muscarinic agonists carbachol and cis-dioxolane. In the presence of physostigmine and atropine, the relative potencies of all agents were markedly reduced. Interestingly, carbachol, cis-dioxolane, paraoxon, and methyl paraoxon all decreased ACh release as before, but chlorpyrifos oxon (100-300 microM) actually increased ACh release. Together, the results suggest that chlorpyrifos oxon, paraoxon, and methyl paraoxon can activate muscarinic autoreceptors indirectly through inhibition of AChE. Both paraoxon and methyl paraoxon also directly activate whereas chlorpyrifos oxon blocks muscarinic autoreceptor function. Qualitative differences in the direct actions of these oxons at this presynaptic regulatory site could contribute to differential toxicity with high-dose exposures.